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ABSTRACT 



Sealed cavity structures suitable for use as pressure 
transducers are formed on a single surface of a semicon- 
ductor substrate (20) by, for example, deposit of a poly- 
crystalline silicon layer (32) from silane gas over a rela- 
tively large silicon dioxide post (22) and smaller silicon 
dioxide ridges (27) leading outwardly from the post 
The polysilicon layer is masked and etched to expose 
the outer edges of the ridges and the entire structure is 
then immersed in an etchant which etches the silicon 
dioxide forming the ridges and the post but not the 
substrate (20) or the deposited polysilicon layer (32). A 
cavity structure results in which channels (35) are left in 
place of the ridges and extend from communication 
with the atmosphere to the cavity (36) left in place of 
the post. The cavity (36) may be sealed off from the 
external atmosphere by a second vapor deposition of 
polysilicon or silicon nitride, which fills up and seals off 
the channels (35), or by exposing the substrate and the 
structure thereon to an oxidizing ambient which results 
in growth of silicon dioxide in the channels sufficient to 
seal off the channels. Deflection of the membrane span- 
ning the cavity occurring as a result of pressure 
changes, may be detected, for example, by piezoresis- 
tive devices formed on the membrane. 

26 Claims, 8 Drawing Sheets 
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SEALED CAVITY SEMICONDUCTOR PRESSURE 
TRANSDUCERS AND METHOD OF PRODUCING 
THE SAME 

5 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation in part of prior 
application Ser. No. 727,909, filed Apr. 26, 1985 and i 0 
now abandoned, which is incorporated herein by refer- 
ence. 

FIELD OF THE INVENTION 

This invention pertains generally to the field of semi- 15 
conductor devices and processing techniques and par- 
ticularly to pressure and displacement transducers 
formed on semiconductor substrates. 

BACKGROUND OF THE INVENTION 2 0 

Significant advances have been made in the miniaturi- 
zaton of electronic components, resulting in reduced 
component cost as well as size. Modem integrated cir- 
cuit technology allows very small but complex circuits 
to be formed using mass production techniques on sili- 2 * 
con and other substrates. Consequently, for applications 
such as pressure and force sensing, the transducers re- 
quired to interface the electronic circuitry with the 
ambient environment typically occupy much greater 
volume and are much more costly than the electronic 
components used to process the signal from the trans- 
ducers. 

Displacement transducers are three-dimensional elec- 
tro-mechanical structures which electronically monitor 35 
geometric deformation to measure applied forces. Pres- 
sure transducers are displacement transducers in which 
the displacement is caused by a differential in pressure 
across a deformable barrier, adding the requirement 
that a reference pressure be maintained on one side of 40 
the barrier. Present commercial pressure transducers 
are relatively large, discrete devices, typically formed 
utilizing a metal diaphragm as the pressure barrier. To 
minimize cost and size of components, as well as to 
reduce the packaging and fabrication costs of process- 45 
ing circuitry, it would be desirable to incorporate the 
pressure tranducer, or multiple transducers, directly on 
or in the substrate on which the electronic processing 
circuitry is formed. However, the physical structure 
required for a pressure transducer is not easily realized 50 
using conventional integrated circuit processing tech- 
niques. 

It is possible to form pressure transducers in silicon 
substrates by selective etching of the substrate until the 
etch is terminated by a highly doped layer to form a thin 55 
membrane, and thereafter bonding another member 
over the membrane to define a cavity. Examples of such 
structures are shown in the Guckel, et al., U.S. Pat No. 
4,203,128. While such structures are useful, their pro- ^ 
duction requires processing steps not utilized in ordi- 
nary integrated circuit processing in which the elec- 
tronic components are formed on only one side of the 
substrate. The heavy doping of one surface of the sub- 
strate required to provide the etch stop layer also im- 65 
poses limitations on the ability to form electronic com- 
ponents on the doped surface using conventional depo- 
sition techniques. 



SUMMARY OF THE INVENTION 

In accordance with the present invention, structures 
with deformable membranes spanning sealed cavities 
can be formed on one side of a semiconductor substrate 
using conventional integrated circuit processing tech- 
niques. These cavity structures can be used as pressure 
sensors and are formed in a manner which does not 
affect the capability of the substrate to have electronic 
circuit components formed thereon, thereby allowing 
full integration of pressure sensors with processing cir- 
cuitry on a single semiconductor chip. 

The method of producing the cavity sensors on a 
substrate such as crystalline silicon involves the initial 
step of forming a post of an etchable material such as 
silicon dioxide to a selected height and shape on a sur- 
face of the substrate. Etchable silicon dioxide ridges of 
lower height than the post are then formed on the sub- 
strate surface extending inwardly to contact with the 
post. A structural material is then deposited from a 
vapor in a layer over the ridges and the post so that the 
deposited layer contacts the top surface of the substrate 
in peripheral areas surrounding the post between the 
ridges. Polycrystalline silicon deposited by low pres- 
sure chemical vapor deposition provides a deposited 
layer which has particularly advantageous electrical 
and structural properties. The outer periphery of the 
deposited layer may be cut away to expose the ends of 
the silicon dioxide ridges; the substrate is then placed in 
a bath of etchant which etches into the ridges, but not 
the substrate or the deposited layer, and eventually 
etches into the post area to remove the same and leave 
a cavity in its place. When the etchant is withdrawn, the 
deposited layer remains bonded to the substrate at pe- 
ripheral areas surrounding the portion thereof raised 
over the cavity. Channels in the former position of the 
ridges extend from the cavity to the external atmo- 
sphere. 

If it is desired to seal off the cavity from the ambient 
atmosphere, the substrate is exposed to a gas or vapor 
atmosphere which causes growth of material in the 
channels sufficient to close them off. In one sealing 
technique, the substrate is exposed to silicon in gaseous 
form, such as silane, causing a polysilicon layer to grow 
on all exposed surfaces, including the interior surfaces 
of the cavity and channels. Eventually, sufficient 
polysilicon grows on the channel surfaces to completely 
close them off and prevent further passage of silane gas 
into the cavity. The silane trapped in the cavity contin- 
ues to deposit polysilicon on the walls of the cavity until 
the silane gas is exhausted. In another technique, the 
substrate is exposed to an oxidizing ambient which 
causes the exposed silicon surfaces to form silicon diox- 
ide thereon which grows outwardly to eventually close 
off the channels. The remaining oxidizing gas trapped in 
the cavity will continue to oxidize the surfaces of the 
cavity, forming silicon dioxide on them, until the oxy- 
gen in the cavity is exhausted. In either technique, the 
pressure of the residual gas trapped in the cavity can be 
controlled by mixing the reactive gas to which the 
substrate is exposed with a selected quantity of nonreac- 
tive gas, e.g., nitrogen or argon. 

The deposited material forming the membrane which 
spans the cavity can be made structurally strong and 
flexible at microcircuit dimensions and impermeable to 
atmospheric gases. The magnitude of residual strain in 
the membrane may be controlled by appropriate anneal- 
ing cycles to yield a desired strain level. Polysilicon is 
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particularly desirable for forming such membranes tion involves the formation on a semiconductor sub- 
since it may be doped to desired conductivity levels to strate 20, typically of crystalline silicon, of an oxide 
form strain sensitive devices which can be used to de- layer 21 to a depth equivalent to the desired height of 
tect the deflections of the membrane. However, the the cavity. As shown in FIG. 2, the oxide layer 21 is 
cavity structures may also be formed with other mate- 5 then masked with an etch resist in a central area and an 
rial depositable from a gas phase, such as silicon nitride, etchant applied to etch away the material outside the 
an excellent insulator. Desired circuit structures can be central area. A central post 22 of silicon dioxide remains 
formed by deposit of appropriate semiconductor mate- after etching, with the top surface 23 of the substrate 20 
rial onto the silicon nitride membrane. A layer of silicon exposed in the area surrounding the post 22, as illus- 
nitride, or other insulating material, may also be depos- 10 trated in the plan view of the substrate in FIG. 3. The 
ited on the outer surface of a membrane formed of a post 22 is illustrated in FIG. 3 as having a square lateral 
more conductive material, e.g., polysilicon, providing configuration, although it should be understood that 
an excellent insulating surface on which electrically virtually any configuration for the post may be utilized, 
isolated circuit elements (eg., piezoresistive polysilicon The next step in the processing involves the masking 
resistors) may be formed and provides control of the 15 of the top surface of the post 22 and the formation of a 
overall strain in the composite membrane. second oxide layer 25 on the surface of the substrate 20 

Further objects, features, and advantages of the in- in the area surrounding the post. Removal of the resist 
vention will be apparent from the following detailed layer from the top of the post provides the structure of 
description when taken in conjunction with the accom- FIG. 4 in which the second oxide layer 25 is formed up 
panying drawings. 20 to the post 22 but at a height substantially less than the 
_ _ . „, w „o height of the post. For illustrative purposes, the height 

BRIEF DESCRIPTION OF THE DRAWINGS of £ c £j dc Uyci 25 is sho w ^ J bdag a subs tan- 

In the drawings: tial portion of the height of the post 22 although, for the 

FIG. 1 is a cross-sectional view through a silicon reasons explained further below, it is desirable that the 
substrate on which a layer of silicon dioxide has been 25 post be ten to twenty times higher than the second 
formed. silicon dioxide layer 25. Typical suitable post heights 

FIG. 2 is a cross-sectional view as in FIG. 1 showing are in the range of 1,000 angstroms to 5 microns, while 
the formation of a post on the substrate. the second silicon dioxide layer is preferably formed to 

FIG. 3 is a partial plan view of the substrate and post a thickness of 200 to 1,000 angstroms, 
of FIG. 2. 30 The next processing step involves the placement of a 

FIG. 4 is a cross-sectional view through the substrate mask (not shown), onto the silicon dioxide layer 25 to 
after deposit of a second, thinner layer of silicon dioxide expose a pattern thereon which, after the application of 
on the substrate. an etchant to the exposed material, leaves intact the 

FIG. 5 is a plan view of the pattern of ridges formed central post 22 and a network of ridges 27 extending 
by selective masking and etching in the lower silicon 35 from the central post 22 to peripheral areas, as illus- 
dioxide layer which extend toward the post trated in FIG. 5. The pattern of ridges 27 preferably 

FIG. 6 is a cross-sectional view through the structure includes first inwardly extending ridges 28 which meet 
of FIG. 5 taken generally along the lines 6—6 of FIG. at their inner ends a laterally extending ridge 29. Second 
5. inwardly extending ridges 30 meet the lateral ridge 29 at 

FIG. 7 is a cross-sectional view of the substrate with 40 positions away from the positions at which the first 
a layer of deposited material over the ridges and the ridges 28 meet the ridge 29, and the inner ridges 30 
post extend into contact with the outer periphery of the 

FIG. 8 is a cross-section as in FIG. 7 after the periph- central post 22. For reasons noted below, the pattern of 
ery of the deposited layer is cut away to expose the ridges 27 which extend inwardly to meet the post 22 
outer ends of the ridges. 45 preferably do not extend in a straight line, but rather 

FIG. 9 is a cross-sectional view as in FIG. 8 after have the branched configuration defined by the ridges 
application of etchant to the structure to form the cav- 28, 29 and 30. 

ity under the deposited layer. The substrate with the post 22 and the ridges 27 

FIG. 10 is a ccoss-sectional view as in FIG. 9 after formed thereon is now exposed to a gas which will 
sealing of the channels with a vapor deposited material. 50 result in the deposit of a solid material onto both the 

FIG. 11 is a cross-sectional view of a pressure sensor substrate and the silicon dioxide on the substrate in a 
formed of the cavity structure of the invention. structurally cohesive layer, as illustrated at 32 in FIG. 7. 

FIG. 12 is a plan view of a pressure sensor with strain The deposited layer 32 should be structurally cohesive 
sensitive resistors formed thereon. and flexible at microcircuit dimensions (e.g., 1,000 ang- 

FIGS. 13-33 are cross-sectional views through a 55 stroms to 15 microns thick, 50 to 1,000 microns or more 
substrate illustrating the sequential processing steps in in lateral dimension) and have, or be treatable to have 
the formation of pressure sensor which has a polysilicon relatively low strain which is preferably tensile. The 
membrane with a silicon nitride surface layer on which material of the layer 32 should also be substantially 
piezoresistive elements are formed. impermeable to atmospheric gases if the final structure 

FIG. 34 is a plan view of a pressure sensor formed by 60 is to be used as a pressure sensor. The deposited layer 

the processing steps illustrated in FIGS. 13-33. should also bond well to the substrate surface and pref- 

iNnc^Tivr^r ^ WT „ erably has resistance to common etchants similar to the 

DESCRIPTIONi op THE PREFERRED etch y resistance of the substrate . Examples of suitable 

EMBODIMENT materials for the deposited layer are polycrystalline 

With reference to the drawings, the processing steps 65 silicon (polysilicon), deposited from silane gas (SiR*), 
which may be utilized to produce sealed cavity struc- and silicon nitride or aluminum deposited from vapor 
tures in accordance with the invention are illustrated in phases of these materials. The portion of the deposited 
sequence in FIGS. 1-10. The initial step in the produc- layer 32 which overlays the post 22 and the ridges 27 is 

o 
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then covered with an etch resist and an etchant is ap- debond from the substrate surface during processing 

plied to etch away all areas of the deposited layer out- and when the deposited layer 32 is placed under strain, 

side of the etch resist mask. The foregoing procedure may be carried out on the 

After the removal of the mask, the structure shown in surface of a large substrate to batch produce many de- 

FIG. 8 remains in which the layer 32 extends outwardly 5 posited cavity structures simultaneously. The substrate 

to a terminal wall 33 at which the outer ends 34 of the may then be severed in accordance with conventional 

ridges 27 are exposed. The structure is then immersed in techniques to isolate each cavity on a single chip, or 

a suitable etchant (e.g., hydrofluoric acid for silicon several of the cavities may be maintained together on a 

dioxide, which does not attack crystalline silicon or chip to provide various desired sensor characteristics, 
polysilicon) which begins etching the ridges at their 10 For example, several sensor cavity structures may be 

exposed ends 34. The entire space of the ridges 27 is formed on a single substrate, each having cavities of 

etched out, leaving channels 35 in their place, and the differing dimensions and cavity spanning membranes 37 

etchant proceeds inwardly to the post 22 to etch it out, of various dimensions and thicknesses. These several 

leaving a cavity 36 defined between the top surface 23 structures may then be electrically interconnected to 

of the substrate and the inner surface of the central 15 provide pressure sensing characteristics over a wider 

membrane portion 37 of the deposited layer 32. This ran S e or . witn greater sensitivity than would be possible 

forms a completed cavity structure in which the mem- a sin S le sensor. 

brane 37 may be used to detect forces impinging A cross-section of a completed cavity sensor 45 on a 
thereon. If it is to be used as pressure sensor, however, substrate 46 is shown in FIG. 11. The substrate 46 has a 
it is preferred that the internal cavity 36 be sealed from 20 ^ e P osited layer 47 which has a central membrane por- 
the ambient atmosphere. This may be done by exposing tio " 48 spanning a cavity 49. The sealed channels in the 
the substrate and the deposited layer 32 either to an periphery of the deposited layer 47 are illustrated at 50 
oxidizing ambient or to a further vapor deposition of m U * ^ e cavity 49 is sealed from the ambient 
material. In both processes, a layer 40 of solid material atmosphere, resulting in deflection of the central mem- 
builds up on all exposed surfaces of the deposited layer 25 brane 48 88 ^ ambient atmospheric pressure changes. 
32 and the surface 23 of the substrate 20, including the ™ s deflection can be sensed and converted to an elec- 
interior surfaces of the channels 35 and the cavity 36 Slgnd m various wa y* If the deposited layer 47 is 
Because the channels 35 are much lower than the height 7 rmed of P ol y sihcon > the polysilicon itself can be 
of the cavity 36 (e.g., 1/10 to 1/20 of the height of the , n fj?? 1 !° pr0Vl * e co *ductiye strips (not shown in FIG. 
cavity), the accumulating layer of material on the chan- U) m the membrane48 whlch win chsm & Q resistance in 
nel walls will rapidly fill up and close off the channels T ™*>°™; t0 the s f ram m *e membrane as it deflects, 
before the growing layer on the interior walls of the ^ f ram SenSing * np ? be connecte d to 
cavity 36 has occupied a substantial portion of the cav- T processing circuitry to convert the detected 
ity. The channels must be low enough to fill with the M £ to relative deflec- 
solid reaction product of the gas in a reasonably short 35 T£°L*% h V° ^T*' 
period of time while being large enough to allow the inductive strips 52 maybe deposited on 
etchant liquid to flow though during the etch pToce! £7*^^ 

dure. Channel heights of 200 to 1,000 52^£2TK hT S ° ^ \ de * ection , 

generally suitable for a deposited layer of polysilicon. m Z\ JSt ^ f 000 ^^ straining of 

The depositing gas trapped in theLvity ^ w^ the *♦ T * ***** ^ ? tCn ^ ™*y • Such 

channels 35 clos! will continue "X^2^ L^tTl^T^ ^*%^^ ™ h ? 

on the walls of the cavity until exhausted, after which tT ^ V r ^ ***** * «° od u ms r uIator - 

thecavity36wulbecom^^ L /Z^fc^ T* T 5? . i 

atmosphere and no further reactions will take place « siheon nitride membrane by a further chemical 

The nre«iirp imiZ twlIiIT^lT iuT u P 45 va Por deposition step, with the piezoresistive character- 

toS 885 CC PreSSUre X Ues ,he «n«»brane 48. The layer S3 would ordi- 

Thf „^L«<» «f th. k™-v: ,■ naril y be deposited or ion implanted prior to the forma- 

nJSnf M^.^^^^ 8 P attern ° f *" nd « e tion of the deposited layer 47 on the substrate. The top 
f^T • appa ? n i ^ ^P 6 " 10 surfacc of ^ ^mbrane 48 may then be made conduc- 
JS*"* !? G ' 9 ;" ^i"** "J tivcasby vapordepositingametallayerthereon,orby 

SSmfi^^^T^ H* f channels 35 extended 5 5 ion implanting the top surface of the membrane, such 
sought to the cavity the polysuicon over the channels that the top surface of the membrane 48 and the layer S3 
y H ef T thc shall0W J < ; hannels 88 form two plates of a capacitor which will change ca^c 

£ brSt^f T rem . OVe< ?; l M ° reov t r ' itancc » res P onse to ^ deflections of the membrane 
the branched structure ! of the channels will allow the 48. The conducting layer 53 may be extended out- 

tSEFOST ? B, l tb f*"» * more fill «P and 60 wardly to a contact 54 outside of the area occupied by 

block off the channels than if they were straight, and the sensor structure 45 to allow electrical connection of 
will generally provide a more gas-tight seal in the chan- the layer 53 to external circuitry. 

£. t^?°rf r^ 0Si i ed hy « 32 1 m < :°? taCt A P 1 * 0 ^ » shown m P 10 - n of a pressure sensor 

with the top surface of the substrate 23 at the peripheral 60 formed on a crystalline silicon substrate 61. A depos- 

areas between the channels 35 at all positions surround- 65 ited layer of polysilicon 62 has a square, central mem- 

mg tne periphery of the cavity 36, thereby providing a brane portion 63 spanning a cavity and peripheral por- 

nrmer supporting foundation for the membrane above tions 64 which surround the cavity and have polysilicon 

the cavity. This peripheral foundation is less likely to filled channels extending therethrough (not shown in 
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FIG. 12). Strain sensitive resistors are formed by lightly 32 up to the outer edges 34 of the ridges, an exposure 
boron doping (with diffusion or ion implantation) four was made, and the photoresist developed and post- 
narrow strips 66 in the membrane 63 surface, two strips baked. The annealed polysilicon layer 32 was then 
parallel and two strips perpendicular to the adjacent etched with carbon tetrafluoride-oxygen plasma to re- 
edge of the cavity under the membrane. Heavily boron 5 move all of the polysilicon under the undeveloped pho- 
doped P+ regions 67 are formed by diffusion of boron toresist, and the remaining photoresist was thereafter 
into the polysilicon layer 62 to form highly conductive stripped off to leave a structure as shown in FIG. 8 in 
connections to the ends of the resistors 66. The conduc- which the outer ends 34 of the oxide ridges are exposed 
tive P+ regions extend out to outer pad portions 69 of and will extend outwardly beyond the polysilicon layer 
the polysilicon layer 62. Metal pads 70 are formed on 10 3Z The substrate wafer was then immersed in concen- 
the pad portions 69 to allow connection of the resistors trated hydrofluoric acid and etching was allowed to 
66 in a bridge configuration. The lightly doped resistors continue until all of the silicon dioxide was removed. 
66 will change in resistance as a function of the strain in Etch rates may be established by visual inspection with 
the membrane at the resistors, allowing deflections of contrast microscopy, with overetching permitted. It 
the membrane 63 to be detected and measured. 15 may be noted that hydrofluoric acid will not wet oxide- 
As an example of the formation of sealed cavity struc- free silicon surfaces. As a result, the etchant withdraws 
tures as described above and illustrated in FIGS. 1-10, from the cavity interior via the etched channels when 
several cavity structures were formed in an array on a the completely etched wafer is withdrawn from the 
silicon crystal wafer. The formed cavities had substan- etchant. After completion of the silicon dioxide etch, 
tially the configuration shown in FIG. 12, being square 20 the wafer was rinsed with alcohol and water for 15 
with dimensions from 50 microns to 250 microns on a minutes to eliminate any fluorine residues and then 
side and having a cavity height of 1.5 microns. The placed in a vacuum chamber and baked out at 0 to 50 
channels leading to each cavity were formed to be 5 milliTorr for 30 minutes. 

microns wide by 1,000 angstroms high. Two alternative sealing techniques may be used to 
A crystalline silicon wafer, P-type, 2 inches in diame- 25 seal the channels 35. In the first technique, a wafer 
ter with < 1 1 1 > orientation, was used as the substrate treated as described above was placed in an ambient of 
20. The substrate was first cleaned and then wet oxi- oxygen and water vapor at 850° C. for approximately 1 
dized in an oxygen and water vapor ambient at 1150* C. hour after which all etched channels were found to be 
for 4.5 hours to form an oxide layer 1.56 microns thick. closed by silicon dioxide grown from the surfaces of the 
The substrate was then subjected to an annealing cycle 30 channels. Such a sealing technique results in extremely 
in nitrogen at 1150° C. for at least 20 minutes before smooth interior cavity surfaces which are covered by 
applying a photoresist to the surface of the oxide layer oxides much thinner than those on the exterior of the 
(21 in FIG. 1). The mask defining the lateral shape of device. The seals are essentially mechanically perfect 
the post 22 was then aligned with the top of the sub- and excellent batch yields result. However, some in- 
state and an exposure made and the photoresist devel- 35 crease in the strain field in the polysilicon membrane 37 
oped and post-baked. The undeveloped resist and un- occurs as a result of the oxidation, 
deriving silicon dioxide was then etched away with In the second sealing technique, a wafer treated as 
Oxe-35 (hydrofluoric acid) etchant and thereafter the described above was placed in a 100% silane ambient at 
remaining photoresist covering the post was stripped approximately 635* C. and 150 milliTorr pressure for 
away in a mixture of sulfuric acid and hydrogen perox- 40 approximately 25 minutes after which all etched chan- 
ide. nels were found to be closed by a deposited layer of 
The second oxidation to form the second layer 25 polysilicon. The polysilicon deposited in the channels 
proceeds with an initial cleaning of the substrate and a fully sealed the cavity 36 from ambient, 
wet oxidation at 1,000° C for 10 minutes to provide an Deflectible membranes 37 covering cavities 36 which 
oxide layer approximately 1,200 angstroms thick, fol- 45 are sealed by either of the foregoing techniques can be 
lowed by annealing in nitrogen at 1,000" C. for a mini- used for pressure sensing by forming electrical circuit 
mum of 20 minutes, application of photoresist to the elements on the membrane to detect its deflection. The 
exposed surfaces and a prebaking of the photoresist. polysilicon membranes formed by the above-described 
The base level mask which defines the ridges 27 was process are strong and flexible, having a measured ten- 
then aligned, an exposure made and the photoresist 50 sile strength of approximately 200,000 psi. Annealing 
developed and post-baked. The undeveloped photore- cycles are found to substantially reduce the strain in the 
sist and underlying silicon dioxide is then etched away polysilicon membranes, with a typical residual strain 
and the photoresist stripped in the manner described field being approximately QA% for polysilicon layers of 
above. 1.5 to 2 micron thickness. Slight variations in strain in 
The layer 32 was then formed by deposition of poly- 55 the membranes occur with the level of doping in the 
crystalline silicon from silane gas. For example, to pro- membrane, but are small enough to allow high quality 
vide a polysilicon layer 32 with a thickness of approxi- structures which are either doped or undoped. If de- 
mately 1.5 micrometers, the patterned substrate, gener- sired, the polysilicon membrane can be substantially 
ally as shown in FIGS. 5 and 6, was exposed to 100% converted to single crystal silicon by laser annealing, 
silane gas at a pressure of 150 milliTorr at approxi- 60 The composition of the gas used to seal the channels 
mately 635° C. for two hours. Following deposition of may be adjusted to obtain a desired residual pressure 
the polysilicon layer 32, the wafer was subjected to an level within the sealed cavities. For example, in an oxi- 
annealing cycle, to reduce the strain level in the polysili- dizing sealing technique, the water and oxygen trapped 
con, in a nitrogen atmosphere at approximately 1 150' C. in the cavity will be substantially completely consumed 
for three hours. After the annealing cycle was com- 65 in forming an oxide on the interior walls of the cavity, 
pleted, photoresist was applied over the exposed sur- leaving a residual gas, e.g., nitrogen or argon, trapped in 
faces and prebaked. A mask was then placed in align- the cavity. Thus, the residual pressure in the cavity will 
ment on the wafer which exposes the area of the layer be substantially the partial pressure of the "inert" gas as 
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it existed in the oxydizing atmosphere. Similarly, where As the membranes size is reduced, it is more difficult 
deposition of polysilicon from silane is utilized to seal to align the resistors optically and to obtain accurate 
the cavities, the silane may be mixed with an inert gas resistance values for the resistors mounted on the mem- 
which will be trapped in the cavity as polysilicon is branes. One manner in which the alignment problem 
deposited on the interior walls of the cavity. The hydro- 5 can be minimized is to utilize piezoresistors mounted 
gen gas trapped in the cavity from the decomposition of such that either end is at a zero straint point. One such 
silane will diffuse through the walls of the cavity, leav- position of zero strain is, of course, at a position off of 
ing the heavier inert gas. Thus, the desired pressure the edge of the membrane where the membrane is af- 
level in the cavity can be selected by selecting the par- fixed to the substrate. The other point of zero strain for 
tial pressure of the inert gas in the ambient atmosphere 10 a square membrane clamped at its edges is a position 
during the sealing cycle. If desired, the cavity may also about a third of the way to the center of the membrane 
be maintained at a very low relative pressure if the from an edge. Thus, it is feasible to produce serpentine 
atmosphere in the cavity during sealing is composed of resistors which traverse these two points and which 
a gas which will be substantially completely consumed would have good tolerance to alignment error. By uti- 
by depositing out on the walls of the cavity or reacting 15 lizing a serpentine configuration for the resistors, the 
with the silicon in the cavity. effect of resistor length is increased, thereby increasing 

As noted above, materials other than polysilicon can the total resistance and decreasing the power dissipation 
form the deposited layer. Any material which can be by heating in the resistor. 

deposited from a gas or vapor phase to form a cohesive The optimal geometry of a planar processed pressure 
membrane structure may be utilized. By way of exem- 20 transducer yields the maximum strain variation with 
plification, but not limitation, these materials include applied pressure, while keeping within the constraints 
silicon nitride which may be deposited by low pressure imposed by the fabrication techniques and material 
chemical vapor deposition (e.g., from a vapor phase of properties. The strain sensitivity, and therefore the pres- 
dichlorosilane and ammonia at 400 milhTorr at 800° C), sure sensitivity, is proportional to aVEh*, where h is the 
and aluminum which may be deposited by sputtering or 25 membrane thickness, a is the width of the membrane, 
metalorganic chemical vapor deposition (eg., by de- and E is Young's Modulus. Thus, the smaller the thick- 
composition of trimethyaluminum). If silicon nitride or ness, and the larger the area of the membrane, the better 
a metal such as aluminum forms the deposited layer 32, the pressure sensitivity. However, the maximum stress 
the post 22 and ndges 27 may be formed of polysilicon, due to bending is also proportional to a 2 /h 2 , and can be 
which is attacked by etchants which do not substan- 30 the limiting factor for maximizing pressure sensitivity, 
tially affect silicon nitride or aluminum. The channels in particularly for membranes which are made with a 
polysilicon cavity structures may be sealed by deposi- built-in tensile strain field. For a plate membrane 
tion .of silicon nitride in the channels, and silicon nitride formed with a built-in compressive strain field, the 
cavity structures may be sealed by deposition of aVh 2 ratio is usually limited by buckling of the mem- 
polysilicon. In the former case, the layer of silicon ni- 35 brane. The maximum deflection occurs at the center of 
tnde formed on the outer surface of the membrane of the membrane, and is proportional to QaVh 3 so that, for 
the cavity provides an excellent insulating surface on a fixed ratio of a/h, the maximum deflection increases 
which electrically isolated circuit elements (e.g„ piezo- with increasing membrane width a where Q is the ap- 
resistive polysilicon resistors) may be formed and pro- plied pressure. The gap spacing between the membrane 
vides control of the overall strain in the composite 40 and the underlying substrate obviously provides a me- 
membrane. Of course, the substrate itself may be formed chanical limit on the maximum .deflection. By properly 
from various substrate materials commonly used in specifying the gap space, an effective overpressure stop 
semiconductor processing, including, for example, crys- can be provided. Preferably, the maximum deflection of 
talline silicon, germanium, sapphire, silicon on sapphire, the membrane to preserve linearity should be less than 
spinel, silicon dioxide, and ceramic compositions. 45 approximately one-fifth of the membrane thickness. 

Piezoresistive elements can be used as noted above to Deflections greater than this may cause stretching of 
measure strain, with polysilicon resistors being particu- the middle plane of the membrane, resulting in non- 
larly suited to incorporation in the devices of the pres- linearity of strain with applied load. However, many 
ent invention. It can be shown that the greatest sensitiv- devices fabricated with gaps even as large as the mem- 
lty to pressure changes is obtained when the piezoresis- 50 brane thickness have demonstrated reasonably good 
tors are mounted at the center of the edges of a square- linearity to the pressure at which the membrane 
type membrane. In general, polysilicon resistors touched the underlying substrate. The thickness of the 
mounted generally parallel to the membrane edge have membrane is preferably as small as possible for maxi- 
very little strain sensitivity, while resistors mounted mum strain sensitivity, while providing a membrane 
perpendicular to the edge provide reasonable strain 55 strong enough to remain intact during processing and 
sensitivity. It is possible to obtain polysilicon piezoresis- thick enough and uniform enough not to bow when 
tors formed on the membrane which will have opposite unloaded. The thickness of the gap itself between the 
changes in resistance with applied pressure by doping membrane and the substrate should be small, to produce 
resistors formed at two opposite side edges of the mem- a transducer as small as possible. Gap thickness and 
brane with one type of dopant, p or n, and the resistors 60 membrane thickness are preferably small to reduce the 
at the other two sides with the opposite type of dopant material and time required to fabricate the devices. 
In this manner, it is possible to obtain a full active bridge Preferably, the membrane width should be greater than 
on the membrane. It is also possible to mount two of the ten times the thickness of the membrane to maintain 
bridge arms near the center of the membrane, which is linear and predictable variation of strain with pressure, 
a position of reduced pressure sensitivity but which 65 The membrane width is also preferably large enough to 
provides opposite change in resistance with, applied allow strain sensitive resistors to be mounted on the 
pressure to that obtained with resistors of the same membrane while allowing for reasonable alignment 
dopant type mounted at the edges of the membrane. tolerances. 
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A processing sequence for forming a planar polysili- 
con transducer sealed with vapor deposited silicon ni- 
tride is illustrated in the views of FIGS. 13-33. In this 
technique, the post which defines the cavity area is 
grown into the substrate surface so that the resulting 
membrane is substantially coplanar with the supporting 
portions of the membrane that rest on the substrate. The 
silicon nitride layer provides dielectric isolation for 
polysilicon resistors. With reference to FIG. 13, the 
starting material comprises a crystalline silicon sub- 
strate 80. A 400 angstrom thick layer of silicon dioxide 

81 is thermally grown on the wafer. A second thin layer 
of near stochiometric silicon nitride 82, about 400 ang- 
stroms thick, is then deposited. For example, the nitride 
may be deposited from a gas phase comprising a mixture 
of ammonia gas and dichlorosilane. As exemplary con- 
ditions, the ammonia gas may be provided at a flow rate 
of 160 milliliters per minute and the dicholorosilane at a 
flow rate of 38 milliliters per minute, at a pressure of 
approximately 150 milliTorr and a deposition tempera- 
ture of 800' C The first masking level which defines the 
cavity is then patterned and the nitride layer 82 is 
etched in a CF4/O2 plasma, followed by a HF etch of 
the oxide layer 81 to form an open area 83 defining the ^ 
perimeters of the cavity, as shown in FIG. 14. The 
oxide layer forms an etched stop for the nitride etchant 

The substrate is then oxidized at, e.g., 1050° C. under 
wet nitrogen to provide a 7500 angstrom layer 84 of 
silicon dioxide, as shown in FIG. 15. The entire unpat- ^ 
terned substrate is then immersed in a HF solution to 
remove the oxide 84, leaving an indentation 86 in the 
substrate 80, as shown in FIG. 15. The wafer is then 
reoxidized at the same temperature and time under the 
same conditions to grow oxide in the indentation 35 
formed in the substrate. The result is an oxide filled 
indented post area 87 approximately 7500 angstroms 
thick, which has a top surface substantially at the level 
of the top surface of the substrate 80. The nitride layer 

82 proves to be an effective oxidation barrier, oxidizing ^ 
at less than 1 angstrom a minute at a temperature of 
1050' C. 

The layers 81 and 82 are then patterned and etched to 
open windows 88 in the nitride/oxide layer which ex- 
poses the silicon substrate at places where the mem- 
brane is to be anchored to the substrate. The remaining 
areas or islands 89 of nitride and oxide extend in a 
branched network pattern similar to the network of 
ridges 27 described above. The island areas 89 shown in 



45 



The entire wafer may then be immersed into concen- 
trated hydrofluoric acid for a period of several hours to 
clear out all of the oxide and nitride on the wafer, in- 
cluding that in the inverted post 87. The result of this 
etching is shown in FIG. 21, in which etched channels 
93 remain in place of the islands or ridges 89, and a 
cavity 94 remains in place of the inverted post 87. After 
the etch is completed, the portion of the polysilicon 
layer 90 defining the membrane 91 is free standing and 
unsupported over the cavity 94. As illustrated in the 
views of FIGS. 18-21, the ridges or islands 89 extend 
over the ingrown post 87 so that the etchant which 
etches through the ridges 89 can reach into and etch the 
area of the ingrown post 87. This occurs because the 
second oxidation of the wafer, illustrated in FIG. 17, 
causes the oxidation to proceed underneath the oxide 
layer 81 and nitride layer 82, as illustrated in FIG. 17. 
After the wafer is rinsed in distilled water and dried for 
30 minutes under a vacuum, the membranes should be 
found to be flat and undistorted. A reactive sealing 
technique to seal the channels 93 may then begin. 

A second layer of oxide 96, for example about 400 
angstroms thick, is grown at 800° C. for 40 minutes 
under an atmosphere of wet nitrogen. Thereafter a sec- 
ond layer 97 of low-strain LPCVD silicon nitride, also 
about 400 angstroms thick, is deposited. The oxide is 
also formed in the channels 93, to help to close off the 
channels, as well as within the cavity 94 as oxygen 
within the cavity is consumed. In addition, if the chan- 
nels 93 are not entirely sealed after the growth of the 
oxide layer, they would be completely sealed off when 
the nitride layer is deposited, as illustrated in FIG. 22, 
wherein the channels are completely sealed off from the 
atmosphere. The desired low strain nitride layer 97 can 
be achieved by using larger ratios of dichlorosilane to 
ammonia. 

Immediately after the deposition of the silicon nitride 
layer, the wafers are transferred to the LPCVD 
polysilicon deposition system where a layer 98 of 
polysilicon (e.g., about 5000 angstroms thick) is depos- 
ited, as illustrated in FIG. 23. 

Several patterning steps then follow to properly dope 
the polysilicon resistors to be formed in the polysilicon 
layer 98. The resistors can be doped either n-type or 
p-type using boron or phosphorous dopants. By utiliz- 
ing both types of dopants on a single membrane, fully 
active bridges on the membrane may be obtained. Alter- 
natively, it is possible to form four serpentine resistors 
mounted symmetrically about the plate center and con- 



FIG. 18 thus function as essentially the ridges 27 to act 50 nected in series to provide the highest degree of align- 



as forms for etchant channels, as described further be- 
low. 

A layer 90 of LPCVD polysilicon (e.g. 2 microns 
thick) is then deposited on the substrate as shown in 
FIG. 19, with the portion of the polysilicon layer over- 
lying the indented post 27 forming the insipient mem- 
brane 91. For example, a 2 micron thick layer of 
polysilicon may be deposited from silane gas at 635° C. 
for 100 minutes and then annealed at 1150* C. for 3 
hours to reduce the residual strain field. 

The polysilicon layer 90 is then patterned to form the 
transducer body and etched, as shown in FIG. 20, to 
define the body. The nitride layer 82 and oxide layer 81 
form an etch stop for this etch, which is preferably a 
two-step etch. For example, NF3 reactive ion etching 65 
may be used for the bulk of the cutting and the remain- 
ing polysilicon may be etched using a CF4/O2 plasma to 
obtain a uniform etch. 



55 



60 



ment tolerance, the highest resistive value, and the best 
matching from membrane to membrane. Formation of 
such resistors is illustrated in the sequence of FIGS. 
24-33. 

Initially, as shown in FIG. 24, a resistor implant of a 
single dopant is applied to the entire polysilicon layer 
98. A photoresist 100, as shown in FIG. 25, is then 
applied to desired portions of the area of the polysilicon 
layer 98, and a further implant of dopant applied to the 
exposed areas of the layer 98, as illustrated in FIG. 26. 
This allows a heavier implant dosage in the contact 
areas and turn around points of the polysilicon resistors. 
The turnaround points are desired to have lower resis- 
tance so that their contribution to strain sensitivity is 
small. The photoresist 100 is then removed, and another 
layer of photoresist 101 is applied to the polysilicon 
layer over those areas of the layer that are to be re- 
tained, as illustrated in FIG. 27. An etchant is then 
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applied to the wafer to etch away the polysilicon in all 
areas except that covered by the photoresist layer 101, 
and the photoresist is then removed to leave the struc- 
ture illustrated in FIG. 28. The wafer is then exposed to 
an oxidizing ambient which results in the growth of an 
oxide layer 103, e.g., 400 angstroms thick, over the 
polysilicon and the slow growth of an oxide on the 
silicon nitride layer 97 (FIG. 29). 

A photoresist layer 104 is then applied, leaving areas 
of the oxide layer 103 exposed where the contacts are to 
be formed, as shown in FIG. 30. An etchant is then 
applied to the wafer to etch through the portion of the 
layer 103 which is exposed, etching down to the 
polysilicon layer 98; the photoresist 104 is then re- 
moved, and a metal layer 105 (e.g., aluminum) depos- 
ited over the exposed surface, as illustrated in FIG. 31, 
including portions where the metal makes contact with 
the heavily doped portions of the polysilicon layer 98. 

The surface of the metal is then patterned with a 
photoresist layer 107, as shown in FIG. 32, and an etch- 20 
ant applied to etch away the metal layer not covered by 
the photoresist, and the photoresist thereaf ter removed 
to leave the completed structure with the metalized 
conducting layers 105 in the proper pattern, as illus- 
trated in FIG. 33: The metal surface layer 105 is then 25 
annealed to complete the fabrication sequence. The 
pressure transducer having the membrane 91 spanning 
the cavity 94 is now ready for bonding and testing. 

A top plan view of a pressure transducer formed as 
described above is shown in FIG. 34. As illustrated 
therein, the metal layer 105 extends out to contact pads 

106 by which contacts can be made to the four serpen- 
tine resistors formed by the path of polysilicon resistor 
material 98 on the top of the membrane 91 over the 
insulating silicon nitride layer. The position of the 
boundary of the membrane 91 is illustrated by the line 

107 in FIG. 34, and the boundary of the deposited 
polysilicon layer 90 reniaining on the substrate as illus- 
trated by the line 108 in FIG. 34. One of the networks 
of filled channels 93 is shown on one side of the mem- 
brane in dashed lines in FIG. 34, illustrating the relative 
position of the network of channels 93 with respect to 
the edge of the membrane 107 and the outer edge 108 of 
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1. A method of producing a deformable membrane of 
a transducer on a substrate, comprising the steps of: 

(a) masking a suface of the substrate to expose a se- 
lected area where a cavity of the transducer is to be 
located; 

(b) forming an etchable substance in the exposed area 
of the substrate to define an etchable post; 

(c) removing the mask from the substrate to leave the 
etchable post isolated on the substrate; 

(d) masking the substrate in areas of the surface of the 
substrate adjacent to the post in a pattern in which 
at least one continuous exposed area extends from 
the post to a position on the substrate remote from 
the post; 

(e) forming an etchable substance in the exposed areas 
of the substrate to define at least one ridge on the 
substrate; 

(0 removing the mask from the substrate to leave the 
post and the ridge isolated thereon; 

(g) depositing a solid material from a gas phase in a 
layer over the post and ridge and adjacent areas of 
the substrate; 

(h) removing peripheral portions of the deposited 
layer to expose an outer edge of the ridge at a 
position remote from the post; 

(0 applying an etchant to the substrate and the depos- 
ited layer thereon which etches the material of the 
post and ridge but does not substantially etch the 
material of the substrate or the deposited layer, 
such that the etchant etches out the ridge to form a 
channel in the deposited layer and then etches out 
the post to leave a cavity which is spanned by the 
covering deposited layer defining said deformable 
membrane and with the cavity communicating to 
ambient atmosphere through the channel. 

2. The method of claim 1 including, after the step of 
applying the etchant, the further steps of depositing a 
solid material from a gas phase in the channel for a 
period of time sufficient to seal the channel so that 

40 atmospheric gases cannot enter or exit the cavity 
through the channel. 

3. The method of claim 1 wherein the material of the 
deposited layer forms an oxide with gaseous oxygen 
which grows from the material, and including, after the 
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&unace oi ine memorane *i are well adapted to be con- in* th» cKctrot* «„h t\>» 



I adapted to be con- 
nected in a bridge type configuration. If desired, the 
connections between the resistors can be made by metal 
layers extending directly between the adjacent layers 
105, rather than requiring contacts between the pads sn 
106. 

The silicon nitride layer 97 acts as a dielectric isola- 
tion layer to isolate the polysilicon resistors 98. A layer 
of another insulator, e.g., aluminum oxide or silicon 
dioxide, may alternatively be used for this purpose. The 55 
device as described above has a lower profile on the 
surface of the substrate than devices formed in which 
the membrane extends up above the surface of the sub- 



ing the substrate and the deposited layer thereon to an 
oxidizing gas including oxygen for a period of time 
sufficient to form a growing oxide of the deposited layer 
in the channel which seals the channel so that atmo- 
spheric gases cannot enter or exit the cavity through the 
channel. 

4. The method of claim 1 wherein the substrate is 
formed of crystalline silicon, and wherein the steps of 
forming etchable material on the substrate to define the 
post and the ridge are performed by growing silicon 
dioxide on the substrate by exposing the unmasked areas 
of the substrate to an oxidizing gas under temperature 
conditions such that the silicon of the substrate com- 
bines with oxygen in the ambient gas to grow silicon 



strate, thereby reducing the moment caused by built-in ~.. JO -~ 

stresses and a raised membrane. Planar devices are also 60 dioxide "laye're on the substrate7o define^ theTaseTosi 
found somewhat easier to pattern than the raised de- and the ridge. 

Vl< ?\ j . . . . . 5. The method of claim 1 wherein the step of forming 

It is understood that the invention is not confined to the ridge on the substrate surface is carried out until the 
the particular construction and arrangement of parts or height of the ridge is no more than approximately 1,500 
the particular steps herein illustrated and described, but 65 angstroms. 

embraces such modified forms thereof as come within 6. The method of claim 1 wherein the step of deposit- 
thescope of the following claims. mg a layer c f so u d material is performed by depositing 

what is claimed is; polycrystalline silicon from sflane gas at temperature 
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and pressure conditions such that a solid layer of poly- 16. The method of claim 15 wherein the solid material 

crystalline silicon is formed over the ridge, the post, and deposited in the channel is selected from the group 

the adjacent substrate surface. consisting of polycrystalline silicon and silicon nitrate. 

7 The method of claim 4 wherein the layer of depos- 17. The method of claim 13 wherein the material of 

ited material is formed of polycrystalline silicon and 5 the deposited layer forms an oxide with gaseous oxygen 

wherein the etchant in the step of applying an etchant which grows from the material, and including, after the 

contains hydrofluoric acid. step of applying an etchant, the further steps of expos- 

8. The method of claim 4 wherein the deposited layer ing the substrate and the deposited layer thereon to an 
is formed of polysilicon and including, after the step of oxidizing gas including oxygen for a period of time 
applying etchant to the structure, the step of depositing 10 sufficient to form a growing oxide of the deposited layer 
polysilicon from a gaseous silicon carrying phase onto in the channel which seals the channel so that atmo- 
the walls of the channels for a period of time sufficient spheric gases cannot enter or exit the cavity through the 
to seal the channels so that atmospheric gases cannot channel. 

enter or exit the cavity and for a time sufficient for 18. The method of claim 13 wherein the substrate is 

substantially all of the silicon from the gaseous phase 15 formed of crystalline silicon, and wherein the steps of 

trapped in the cavity to be deposited on the interior forming etchable material on the substrate to define the 

walls of the cavity. post and the ridge are performed by growing silicon 

9. The method of claim 1 wherein the layer deposited dioxide on the substrate in a first layer to define the 
from a gas phase is formed to a thickness of between post, growing silicon dioxide in a second, thinner layer 
1,000 angstroms and 15 microns, whereby the portion of 20 around the post, and masking and etching the second 
the layer deposited over the post, which remains after layer to leave ridges of silicon dioxide extending to the 
the post is etched out, defines a solid membrane which post 

may be deformed in response to changes in pressure 19. The method of claim 13 wherein the step of form- 
across the membrane. ing the ridge on the substrate surface is carried out such 

10. The method of claim 1 wherein the substrate is 25 that the height of the ridge is no more than approxi- 
selected form the group consisting of crystalline silicon, mately 1,500 angstroms. 

germanium, sapphire, silicon on sapphire, spinel, silicon 20. The method of claim 13 wherein the step of de- 
dioxide, and ceramic compositions. positing a layer of solid material is performed by depos- 

11. The method of claim 1 wherein the post is formed iting polycrystalline silicon from silane gas at tempera- 
to a height in the range of 1,000 angstroms to 5 microns 30 ture and pressure conditions such that a solid layer of 
and wherein the ridge is formed to a height not more polycrystalline silicon is formed over the ridge, the 
than one tenth the height of the post and in the range of post, and the adjacent substrate surface. 

200 to 1,000 angstroms. 21. The method of claim 18 wherein the layer of 

12. The method of claim 1 wherein a plurality of deposited material is formed of polycrystalline silicon 
raised ridges are formed on the substrate, and wherein 35 and wherein the etchant in the step of applying an etch- 
the ridges include inner ridges extending from the post ant contains hydrofluoric acid. 

to a laterally extending ridge and outer ridges extending 22. The method of claim 18 wherein the deposited 

outwardly from the laterally extending ridge which do layer is formed of polysilicon and including, after the 

not align with the inner ridges. step of applying etchant, the step of depositing polysili- 

13. A method of forming on a substrate a deformable 40 con from a gaseous silicon carrying phase onto the walls 
membrane of a transducer over a cavity, comprising the of the channels for a period of time sufficient to seal the 
steps of; - channels so that atmospheric gases cannot enter or exit 

(a) forming a post of an etchable material to a selected the cavity and for a time sufficient for substantially all 
depth and shape on a substrate; of the silicon from the gaseous phase trapped in the 

(b) forming a ridge of etchable material on the sub- 45 cavity to be deposited on the interior walls of the cav- 
strate extending from the post outwardly to a posi- ity. 

tion remote from the post; 23. The method of claim 13 wherein the deposited 

(c) depositing a solid material in a cohesive layer layer is formed to a thickness of between 1,000 ang- 
from a gaseous phase of the material over the post, stroms and 15 microns, wherein the layer deposited 
the ridge and the adjacent surface of the substrate; 50 over the post which remains after the post is etched out 
and defines a solid membrane which may be deformed in 

(d) applying an etchant to the surface of the substrate response to changes in pressure across the membrane, 
to etch out the etchable material in the ridge to 24. The method of claim 13 wherein the substrate is 
leave a channel under the deposited material layer selected from the group consisting of crystalline silicon, 
and to etch out the post to leave the cavity covered 55 germanium, sapphire, silicon on sapphire, spinel, silicon 
by the deposited layer with a portion of the layer dioxide, and ceramic compositions. 

over the cavity defining said deformable membrane 25. The method of claim 13 wherein the post is 

with the cavity communicating with ambient atmo- formed to a height in the range of 1,000 angstroms to 5 

sphere through the channel. microns and wherein the ridge is formed to a height not 

14. The method of claim 13 wherein the solid material 60 more than one tenth the height of the post and in the 
deposited in a layer is selected from the group consist- range of 200 to 1,000 angstroms. 

ing of polycrystalline silicon and silicon nitride. 26. The method of claim 13 wherein a plurality of 

15. The method of claim 13 including, after the step raised ridges are formed on the substrate, and wherein 
of applying the etchant, the further steps of depositing a the ridges include inner ridges extending from the post 
solid material from a gas phase in the channel for a 65 to a laterally extending ridge and outer ridges extending 
period of time sufficient to seal the channel so that outwardly from the laterally extending ridge which do 
atmospheric gases cannot enter or exit the cavity not align with the inner ridges. 

through the channel. ***** 
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